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SUMMARY PAGE

PROBLEM

Human performance tests are used for a variety of research and

personnel management purposes. In each case, the tests are supposed
to measure some ability which is needed for performance of a job. The
problem is that there is no well-established method for specifying the
ability requirements of jobs, and hence it is difficult to choose appro-
priate performance tests.

FINDINGS

Task analysis can be used to specify the ability requirements of
jobs. A variety of task analysis methods are illustrated by the papers
in this collection, and their application to enumeration of ability
requirements is described.

RECOMMENDATION

It is recommended that task analysis be employed prior to perform-
ance test selection so that tests can be chosen to be relevant to Navy
jobs.

The work was funded by the Naval Medical Research and Development
Command and by the Biological Sciences Division of the Office of Naval Research.
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FAAK ALYt C APPROlACHI Ti) FIIMAN l1ERnFoP<M.xN'E IiA FERY !)FVELOPMFNT

Richard MI. Shannon
Naval Hiodiynamlc, a laoratory Nlew Or'. anis. lA 70189

AlISTrACT

Task anal yt ic me thodts were u,;-1 toi is-ol ite criticail compono:it s of naval student flight pe rfor-
tIn -e Th is goal waq aicc ompt sl. 'i by itt't Izi cg facti and regresst, i anil ys,' a to compare student man-
'avel error-s iuring prtriary training to the overallI phase grades of prtm~ary , basic and advanced. The

reatijt!, ~idicted that flight ability skill, appear to be b.-,t measired 
1
'y basic transitions, coordina-

tion flylig and entries to dirits coof igurat ions . These- trms ( lu I he measured wit'iin a fl ight simula-
tor. il a laboirato ry , these- ski! 1,s 'ool he.-t 1s, .iasure byv a pe rfo rii%,iace hat te ry which contained

iklr , problem-solving, c ont Inuoo trick inj. task-s. uid a t Ime-shar Ing .xipah ili ty be twcen conitinuous

rackitng and Ji acre t5 tasks. in concl us ion, the tasik anal yt i, proc'edure .ais do tormined to be a feasible
lad use,'J undertaking in tie developmne.t o)f pe rforianice illeasarmient iystems, such as the PETER project.

I NT8, )DIIlCr r 1N clIAs s i f recuirr ing student pilot flight errors

7 o avalBiodiia~ictLaboator (NKdurinLw primary flight training in the T-34 air-
'rho'acl Bod~i'n~s aboatoy (IL)IiiNOW craft. This taxonomy depicts pilot performance

)rt cal; is pro seiitly at tempt i to dveel op a ~it~ as a joint fuct ion of conltinuous and discrete
,r firnmce hat tery (PETER, Performance Evaluoat ion coininiunications, scanning, and control ling opera-

res;ts for End irOni;Ietm ear), hihwlI t ions that occur in a four d imensional infi ight
isoel to study behavior under unusual and adverse enviromment of pitch, roll, yaw, and thrust.
coadlitions,. To facilitate the accomplishment of These tasks are performed as part of an informa-
this goal, A task analysis of various 1.. S. Navy tion processing loop between the pilot, aircraft,
ohs and work stat Ions willI he conducted. In and the environment. This feedback loop contains

4eneral, the steps to he followed from inventory the components of display, sensory, cognition,
Ilevelopmeiit to battery implementat ion will he: motor and control. This classification model,
(1) Research and evaluate theo exist ing literature which can he found in Shannon (1980), uses two
i,, tile areas of task analyis, battery development, operations, nine activities, and 35 functional
and performance 1isae-slnt; Q) lsol.tte the objectives. Dliscrete operations are de ined as
critical work. stations, onboard LT. S. Navy ships individually distinct movements or med sting
whiich ire Important to its ,eacethme and coimbat responses elicited by environmental cu a. Contin-
i ssio ns ; (3) Complete a task finVentory of these lina operations contain those tasks incl v Ing
critical worlk st.4tioiis; (4) O)evelap a question- multidimensional tracking responses to either
us tre in order to iso'ilae the recurr ing :rtiteal contact cues outside the cockpit or flight instru-
ci t ntnts pertaining to a particular work station; ment cues within the cockpit. A task activity is
(l -)) rans! .ste these elements into perceptual- a qua!litativye category whose nain funct ion involves
osic-'mt ir behavioral components; and (6) Dles ign either a sensory, cognition, motor, or coordinated
ai hecpii pyhsoo attery ti, he used at NBl, perceptual -motor task. The nine act ivi ties used
Wllir:; i 'OnIpat ible withii the xIsting work ot VKt R. in this paper are: continuous tasks inValving;

control of the pitch axis, roll ,ixis, yiw axis,
Prow iouslv. the author liad fol loiwed a slimil ar thrust axis soid the brakes; and discrete tasks

itii-fir tCie plirpose of leavelop lg a perfor- involving control of aircraft subsystemns (proce-
- :ic, ,at tory r'ilcli woul d assess stadent pilot dural ), _Judgment and planning (anticipation/

A10100,11 thug the hat tery wa', never devoloped planning), transfer of information (communication),
.r i,,Iemeoted. most of the necessary work hajd and seairchIing and scanning (monitor) . Finally,

c)-o i:n Iutted . The pu rpose of Vt s report 'itl fiinc tional oh ject ives are tasks having the same
Il i i is; prfbr ef fort beca-se the me thi,- activity, goal -or ientatiton , sensory c:ues and task

Lita/ lra c-il1tt,,n, aind anal1yses will hlvo a e Iem n tsq. For example, continuous pitch )is
ltr-f Imi uct up's tie I-jir 1to 1rection of thle control contains the oi1'Oct iTs to Ma inta in
'w' at ', rvn. ', ani tlii-r paper. t'i'. auth,) al t itude , airspeed, nos e attitude. ani ist ck

119,iii '~ .d: lis5 -- I t Ie , eoii pressure.
iv'- t isvIujen~r !e o~ ti so" Wh in ('.r~la)

:J I' ' I l I ii tola, .iilr The dita in this; studly were colliiectel pr tor
k *,;I I W)i " 1 Issf ~ to 1977 ilan tI, re~v', ;on ofi the naval avato

alii I I iC -t'u-i p.it di !.- ict f r I rainig p~rogiiAs . %thCat time, trainini' On-
i itO' I, NT. reeui -'. 7,- re 1,r .'- sLaied if f-ir plia-os: jpriv-rv, basic, idosin-et

t itI, t'i;'r I toi 1 Ii, I an,! tie' repl icemellt -air group . This stuidv 4LI
'-!I '. t y v f t l - moel. til t r1Io-!I- -onCerTI i tel f wl th tie first thiree phii'es. A

'' r in' , ii; ) i -ra -, ;i-ei . ii tlie conitenit val Y.-is was ;,'rf 'rmeI on tlie r i;n
r la!- I, , git i -prtrtvinc.' nait torv. A',''- t thie prilatrv phase of two samp:.-, .11 i')

itm,-,a total -;:iipl e size of 781. llhese

I'll'.iiTr .111:- shio.-ts otiii iLl dati n hit, idt.-
'-rI-i luing ti a at denit 's perfocmaiice Oil 'i )l Irt i-

qii- b. w i . It ;-icZ- Li; ir hopl). On1 tlie fr-nit pave, the lalieuiversi t:,,ii

ri -ti w, ...... in it' t I 'r perionie), wit'i twitl assi ilKtrdi (Ali-,.-

-46.



average to uns.itisfactory ) are lItstel . hen :I ';ince -rntent anid ,uicorient va: f ifty of ti~e
belIow average or uinsatisfac to ry grade wasa-.stg,;16noeI1 pr tiriury phasje d.,t a hald been e utai 1~c~ 1 ..1- 1hr
thie Inst ructor had to just i.fy IsI, :aauii ccir gradle s tudy (" IhiII I I I , 1980)1, th I le IV"px'1 wi- i
by 'ist.t Ing oi thei ba,-k p:ige of thI e grai ng ThIicet estahl ishi ireict lye val di ty ai- the r' I It' )nsl)1
tile errors; comiiilttod by tat stiiderit. The .In;al yieQ5 Of I'll ti fil 1 ght porformaii-.o t" jrtef:--,
hit th iS pper were per firmed ont these wr I ten! train itig. -A series of itepwi se regjress i'i iit v-
.Siiieiit s alnit -IlassIf ied usitng, thIe t. I n 111111 'MidVI ses we re per frmnie ui lI th Ve ove raI l ihae gral Ie,'

jescribled in the previous paragraph. There- were for pr i airy, ha ilc and ad van-ced it.) t-rit cr1 )n
* 1-h errors for 550 below average/! unisat Isfactory measures on the first sample oif 39 studielt s.

grades in the first amnple , While thle second MultIipl e correl it ions, were de tvrnneil usll,t ihe
samnple comumi tted 2,093 errors, for 521) below average/' recomputed studcut erro)r scimrcns ti eacht fhi:- r a ,
iinsat isfac tury grades on the 1) iuneuve r and three Indepeindent variablIes. Crtns -vat blat ioni on-
global (headwork , procedures, b-as ii' at rwuirk) I tems sisted of us ing the sacej :auijeaver laid ic , erroir
whic'i demnonstrated deficient ie r fo rim-ice . categorti, factor ;t ruu, tore at regress I on -eI -

In additt ion , these errors were fo rtlier class I- w froiii the fis thsree crterian tyc -,,tr eqi ton, n
t~it 1; t lud~jjenat l iht t tI t~leforco i weirmghs onrt thrpec tr aina l sur te senl ii
tieI a tofunamet a f Igt a t tule ir ontIn- saitipi e .Withi the data val ida ted , ho th sam; 1 e

u-ole ope rat ionq and task j-~i rp-i- for disc;rete were combined (,N=78) -And at thIird series Yi tn
Ope rat ions. The fimndamen talt I ih a ttlItoi's used Sionm egnatt iuiIS Were Compu ted usiing thjes-n, :-

ii the -Analyvsis of cont iniauii tLAsks were st ra ight grade s .
ciLbb cin imbIng torn, st raighit de sceul r, de scendiiig
tourn. level turn, straight and level , and ground. Rgsut.rS ANDi 01 gr'ySSION
(iii the basis of these seven attitudes, It was
possible to characterize a maneuver according to po h w eaaevrmxrttos
transitions from one flight attitude to another or twelve factors were identified, five rontlnk!--m
tile maintenance of a particular flight attitude. anfl seven dtscrete, each explaining 314* in,! 6'.'
The comparcson of discrete tasks was performed of the total variance respec-tively. Table I
using the purpose for task eXeCUt ion as tile basis contains the results of thle- two rotations with-
for the analysis. For example, the following only the factor loadings ofse.21 and abuse, being;
reasons for performance of the funct ional ohject ive Showni-, These fic tors were cal led contitnuous
"anticipation of a particular position" were: to tasks during- flelI entries. emergency lanlingq,
init iste turn complet ion, to COliifenCe a turn, to inuiual atiItuides, spins and basic -i r-irK perfo)r-
ciiin-nicate a voice report, and to add/retract mac;an -cret tak lthat occurred1 durtnug

-))wer. Tiefotrsle in8an74ae- transitilonm, stall recouvery 1-no0se h iglh orj
gories of continuous and discrete flight errors, low, emergency landings, clearing' break tuirn,

repc ies.slow flight,' and course rule performance. Ta Ie
Thes twoet; oferro caegoreswre- Outlines each factor by name and its ;tgnifica-it

Theser alvto sesatl of errctegoriespa were t funct Inah activitles. functional ol (ect lves , znd
factr aolv~I searatly uy te prncial ais udamental flight att itudes (continuous tasks)

and rotate! by the var ,,ax. These methods tend to - r fl -ight purpose (d~screte tasks).- III otllvr
mixImic.e? the percent if cextriiurn variance shared by woDrds, thle significantL error categories at,
a factor while minimiz ing the overlap between I isted byv factor.
factors. In addition, the factoir anialyt ic output
resulted in factor scores wh ichi are the sum of the Table 3 contains at &-rrel attlona' miatrix fi r
prodlucts between nineuver -4elght,; .1ii-I err-or cato- both prediictor factor vir tables and cr1 terlo: ,

gor stndad sore oncah ranei,'r -Al eror stage raevaria3bles. The correlat ion ; in tle
ca;tegu)ries with at factor score greater than 1 .0 Matrix Indicate that five of the twelvme fact-rr-,,
a-id -i 7oneuver factor loai ng, greater than .21 have a rather consistent affect on p fr-u.
-re- ic;ed in the prediction model. Student error th.coiughout piloit training. The significaint -n-
sc ures were recomputed from tis -more selective tlnuus fac tirs i.dicat, that mainitaining, ;jt ju,
item pool by multiplying the errors in each cate- and ait~lpeed (Pi tc11 , -%aintaintlig distani e 'o
gory by tile maneuver factor Load ing. Each of and mintain Ing head log (yaw) In various fm--hij-
these products were then summed within a maneuver mental f! igh t VtI tilde,. (turns, descents. cI ~t,
and across maneuvers to give a recomputed factor straight and level ) are important. ()n thie C'ter
error score for each student. This is not the hand, tile critcal -discrete factors are: (1) t
first time factor analysis has been used withusth trile idoanciptarpedai
respect to naval aviat ion training (Rair, Lockman, aletitue s~iotl as l to initi iate acn ir to ev -n

Martoccia, 1956; hboth, Berkslhire, 1968; Wherry, off from a descent; (2-) to raise thle geajr )It
Waters, 19)60; Bate, Smith, Ambler, 1972). In each departure, to anticipate altitude for level-ut!,
of these cases, the analys is used grades during .and to determitne geographic locat foji t, as
the various phases of training. The present study adhere to infl iglit procedural rule.-; and ,(3I) t to
diftfered , however, by usinag ins tructoir comments, use throttle, pro'p, flaps appropriately wheni
translated into errors; as the basis for the entering slow fli ght. In addit ion, two fa]ctOrs.
anal ys is. field entries (continuous) and transitions ils-

crete), ire hi1ghly correlated ( r - .,0. T1he im-
portant grading items 'ulined by these five
factors are -hleadwoirk, basic airwork, priicedireq,



standa rd and borme field ent ries, slow fl ight , Thie Thanlj -suje m.'lel (Adams, 195 7;
trans ititons and course rulles. In general, these Illimiphreys, 1kiil) iss i'm' that lvtelug orgat ins
resulits indicate that basic airwork ski I Is, physical show rcnstant han, e ,and that ieasures taken at
.... 'r~inat ion, good scan pattern, knowledge of pro- successilve Interval s depl et thtis change. In
celuires, abil ity to plan ahead of the aircraft, other words, student ai~llities :at; be seen as
caplbility to t ime-share and handle workload svstemat Ical ly cildng'ng over t ime within a con-
3tress are LImportant attributes throughout training. stitnt task st no-tire. For eXanp e , !'nderwond
These skills or abilities seem to be best ireasured (11977) claIlmed tlat three of itis Laboratory task%
duiri:% basic transitions, coordination flying, (free recall, ltit dltrerentlatlon, Interferente
steep turns, and entries to dirty configuration siiscept ibill tv) seasured dlifferent ne:iviry ab iI -
(1 uwering the landing gear). These items 7ould he ties because of the low correl atloins between
sutudied either in a flight simulator or uinder these tests. Ilowever, whien the scares durfig the
ic tual flight conditions. In a l aboratory setting. stahl e period of these three test; (Days 7-14)
t'est skills could best be measured by at hatterv were fa,-tor analyzed, they demonstrated a high
which contained memoiry, p roblem-sol ving, and amount of explained comimon variance (63 percent).

:i tt initiois tracking tasks is well as a time-sharing This difference appeared to be related to the
i p oan I I tvy be tween i c onl t inuous Itracvk in g anrd d iscr e te level of training of the subj~ects. Underwood

tasks. studied one day of learning while the factor
analyzed material investigated the period after

Table 3 also contains multiple correlations q~x days.
of the factor analytic scores at the three phases
of training. Three sets of data are presented: To summarize, both models appear to explain
first sample of 39, second sample of 39 using the the decreasing correlations of primary phase
same beaweighits for validation purposes, and the errors with later phases of training. The process
coabined sample. The follow'ng conclusions ca:n be of flight instruction and assessment can be
drawn fra this table: (1) the taxonomnic classi- viewed as a feedback loop between the student,
-aition of student error has predictive validity, and the flight Instructor. The Instructor esa-
(1! performance in primary training does predict blishes an internal measurement system of profi-
f-iture airborne behavior, which may indicate that c Lent and critical Performance based upon student
there Is.. a general factor of "flight abil ity" and behavior andi conversations with his peers. On the
thiat this factor concurrently exists with specific other hand, the student conforms to the desires
c-riterion shifts and changes withiin the task and criticisms of the flight instructor. His
f:'1aaning-tnisk model). (3) there is a decrease in performance becomes more integrated as specific

thie predlictive capabil ity of the data base the abilities-skitlle are intertwined within a hierarchy
fuir!her a student progresses fn training, which ats components of at more advanced ability-skill.
nov lenuons trate rhat there are specific ss well as Within this context, the task and subject both
Ahierarchy of ski'Lls being developed throuaghout chtange over time, and therefore should better
a!ning (chaniging-subject md).These Last two explain why correlatinns decrease as the distance

wititerients direct attention to the controversy betwepn stages of training increase.
surrounding temporal changes in ahil ity-skil 1
relatioinships (Alvares, Hulin, 1972). The implications of the results of this

paper are significant to the future of the PETER
,he ichanging-task model (Fleishma;i, 1966) project. The author concludes frim these analyses
ecfisthat, In order to explain the decreasing that the task analytic procedure, of isolating

-2,att iships between abnilities i-rasuredI early In critical components of a job and then developli g
trilnliA aod performanc,_e ieasiires obtained later, performance measurement systems, training packages

ec -mist rel ate dlifferent abll 1tries to performlance and human engineering applications based upon
it),. itrias stgsof skill acquisition. 'n these components, is a feasible undertaking.

t, ,r ~o-.the triterdl. measur~ng systetm of Therefore, task anialyqls will be an integral part
Instructors wth'io: na.'al si lot, changes In the future development of a battery to assess

1ee tIne to that thieir emphasis; upin sqpucific performance withiin uinusual. environtments at the i
re! u .,-punents or skills shiFts between Naval. Biodynaol~cs "laboratory.

.Nt, tagces but rdca las relat ively Constant
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rABL.I: 1: TWO41 VARtM'NX 41[V IOINS 1)IO ' n [I4N; BYLIO .ihnSCISRi.i" 1on AN.': 6;L:,A!

CO~fNJOU S Ou'I ... Ari 1N, 1 WiA _llV

GRADED FLIGHT ITFI8s I v I V V I I I V V

HEADWORK (lit) . 45 .64 .40).';

BASIC AIRWORK (BAW) .55 .27 .511 .6q 28
PROCEDURZES (PROC) .61 S 2
AI'PROACH/LiVNI)ING/TAKEOFE (APP) .23 .22 .-,1

STANDARD FIELD ENTRY (SI'E) .83 .51 .32 3 2
HOME FIELD ENTRY (HFlE) .88.2
I]ME'RGENY LANDING .67 .2 .50 .3?

PRACTICE (ELP)
HIGH ALTITUDE EM'ERGENCY (FIA.) .83 .77
LOW AIITIDE EMERGENCY (LAE) .65 .3
SLOW FLIGHT (SF) .58 .21 .85

TRANSITION (TRAN) .5q .92
POWER-OFF S AL(Pos) .23 .24 .78.
APPRSOACH TURN STALL! (A-S) .27 4
PRECISION SPIN (PS) .61 Q4
ACCIDENTAL SPIN (ACC SP) .63 ... 4 Q5

UNU'SUAL ATTITDIES (UA) .69 .87 V)0
WINGoVER (Woo .6b
CICRSE RULKS (CR) .--

PERCENT COMMON VARIANCE 10.8 13.2 4. 4.4 6. 11 3 .7 10.5 8.1 2.4 7.q 6.7 4.S

TABLE 2: SIGNIFICANT FRROR CAT E;rrRI ES BY F'.tIOR ANtI OPERATION

FACTOR NAMT. (MANF2TVER): FUNCTIONAL OB IF:CrIVF FUINDAMFENTAL. FLIGHT
(FUNCTIONAL ACTii 2 Y) ArrITUDIIG1141r PUNTRIVI F

A. CONTINUOUS TASK DURING:

1.FIELD ENTRIES MAINTAI N Al. itTi;DE/AIRSPEED STRAIGHT DESCFENT, LEV:1. mq8,
(SEE, liFE, BAW) (PITCH) AND DISTANCE. (ROLL)3 STRAIGHT AND LEF;VI.

2. EMIERGENCY LANDING-S MAINTAIN AIRSPEED (PITCH) AND DESCENDING TU;RN
(HID, PROC. ELI', HAE, I.AE) AND RATE OF DE.SC FNT/D ISTANCE (ROLL)

3. UNUSUAL. ATTI DIDES (GA, 1,00 MAI NTAI N A CoNTINUOI;S RATE OF C; IMB: N6 ANID DESCENDIN,; Fl;RN
NOSE ArI't ITlE t N AND
ANGLE OF BANK O81.1. WIIII ..

MAI NTNININ(: RU.ANCED) FlIG(HTr (YAW)



TABLE 2: (CONTINUED)

4. SPINS (PS, ACC SP) MAINTAIN A SPECIFIC NOSE ArrI- STRAIGHt DESCENT ON ENTRY AND

TUDE (PITCH) ON ENTRY; OR RECOVERY

NEUTRAL STICK PRESSURE (PITCH),
NEUTRAL RUDDER (YAW) AND WINGS

LEVEL (ROLL) ON RECOVERY

5. BASIC AIRWORK PER- MAINTAIN ALTITUDE/AIRSPEED STRAIGHT AND LEVEL, DESCENDING

FORMANCE (BAW, SF, TRAN) (PITCH) AND HEADING (YAW) TURN, STRAIGHT CLIMB

B. DISCRETE TASKS DURING:

1. TRANSITIONS (BAW, SFE, USE THROTTLE (PROCEDURES), AND TO LEVEL-OFF FROM A DESCENT,

HFE, TRAN) ANTICIPATE AIRSPEED/ALTITUDE INITIATE A DESCENT, OR MAINTAIN

ALTITU[DE

2. STAI.L RECOVERY USE TERCTTLE (PROCEDURES) TO INITIATE A RECOVERY WITH FULL
(ATS, UA) POWER

3. EMERGENCY LANDINGS USE PROP/FLAPS/LANDING GEAR/ TO CLEAN-UP FOR GLIDE, SELECT
(HAE, LAE) CANOPY (PROCEDURES) AND LANDING AREA, PREPARE FOR

DETERMINE LANDING AREA/WIND LANDING

DIRECTION (ANTICIPATION)

4. CLEARING/BREAK TURNS ANTICIPATE AIRSPEED/POSITION TO ROLL INTO AND OUT OF A TURN

(ELP, POS, PS) (ANTICIPATION) WHILE MAINTAINING A SPECIFIC
AIRSPEED WITH NOSE ATTITUDE

5. SLOW FLIGHT CONFIGURA- USE THROTTLE/PROP/FLAPS TO ENTER SLOW FLIGHT WHILE
TION (PROC, SF) (PROCEDURES) MAINTAINING Al ITUDE

6. STALL RECOVERY (NOSE USE THROTTLE (PROCEDURES) TO INITIATE A RECOVERY BY
LOW) (ACC SP, UA) CLOSING POWER

7. COURSE RULE USE GEAR/CHECKLISTS (PRO- TO ADHERE TO INFLIGHT OR FIELD
PERFORMANCE (HD, CR) CEDURES), ANTICIPATE ALTITUDE DEPARTURE RULES

AND DETERMINE LOCATION

(ANTICIPATION)

TABLE 3: CORRELATIONAL MATRIX AND MULTIPLE CORRELATIONS OF THE
PREDICTOR FACTOR AND CRITERION PHASE VARIABLES

CORRELATIONAL MATRIX (N=78) MULTIPLE

CORRELATIONS
OVERALL PHASE COETINUOUS FACTORS** DISCRErE FACTORS** TOTAL IST 2ND
GRADES*** I 2 3 4 5 1 2 3 4 5 6 7 (N=78) (N=39) (N=39)

PRIMARY .633 - - - .502 .494 .322 .226 .282 .376 - .319 .743 .701 .686

RASIC .516 - .249 - .312 .423 .320 - .269 .256 - .327 .643 .627 .474

ADVANCED .390 - - - .266 .347 - .230 - .266 - .2' .441 .527 .331**

AVERAGE .53 0 .083 o .3f60 .42k .214 .IS2 .t84 .29q 0 .304 - -
Cl R.EIAXTI{)N

* All CORREIATIONS ARE MI ;C!S VALUES AND ARE SIGNIFICANT AT P .05

** TlIS CORRElATIN p .05, REST p .01
*** APPROXIMATE FLIGHT PHASE IENGTHS FOR AN AVERACE TRAINING PERIOD OF 16 MONTHS:

PRIMARY (0-4 MONrHS), BASIC (5-10 MO3CTHS), ADVANCED (11-16 MONTHS).
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of a taxonomy and s'andardized action verbs is to effort. The result is the taxonomic outline in

allow the analyst to classify human activities, to Table I which was to be used to classify student

have similar meaning and wording within task performance. Two operations, nine activities,

statements, and to perform a commonality analysis and 35 functional objectives are shown, which

across maneuvers. conceptually depict flight performance as a

joint function of continuous and discrete communi-

The initial maneuver descriptions utilizing cations, scanning and controlling operations that

this conceptual model and the T-34 Primary occur in a four-dimensional inflight environment

,Maneuver Description handbook were checked for of pitch, roll, yaw and thrust. Discrete opera-

completeness and accuracy by seven flight intruc- tions are defined as individually distinct move-

tors assigned to primary training. On the basis ments or mediating responses elicited by environ-

of their comments, suggestions and criticisms, mental cues. Continuous operations contain those

revisions were made. Since the intent of this tasks involving multidimensional tracking

effort was to isolate recurring student prohlem responses to either contact cues outside the

areas during pre-solo training, these maneuver cockpit or flight instrument cues within the

descriptions were given a questionnaire format cockpit. An activity is one whose main function

with the following dichotomous scales: (I) Does involves either a sensory, cognition, motor, or

this item represent a frequent error committed by coordinated perceptual-motor task. A functional

the average student on all hops in primary objective is defined as part of a maneuver having

training?, and (2) If the item is an error, is it the same activity, performance goal, sensory

critical? Critical error was described as one cues, and task elements. A functional objective

which affected a student's grade and was consi- by step, which was the task or error level used

dered essential to the performance of the maneuver, in the maneuver descriptions, has the same defini-

These preliminary questionnaires were reviewed by tion as the preceeding statement. The difference

four primary flight instructors in the same format between both categories is that one combines

to be used by the total sample. The purpose of objectives over time and the other is limited to

this simulation was to gain insight into respondee a sequential step or phase. The nine activities

attitudes toward the inventories. Their comments outlined in this paper are very similar to those

were then incorporated into a final version and used by other authors (Miller, 1971; Alluisi,

distributed to 97 primary flight instructors. 1967; Folley, 1964; Teichner, Whitehead, 1971;

which was close to total participation by the Kelley, Prosin, 1968). At the functional objec-

squadron. The average length of these maneuver tive level, however, this congruence diverges.

descriptions was 10 steps and 123 task elements. The following list of task activities and termino-

logy from the literature will demonstrate this

The inventories were completed by 100% of the similarity: (I) monitor - scanning, detecting,

instructors. Upon their return, the data were identifying, monitoring, watchkeeping, sensing,

coded for computer analysis. Percentages were searching; (2) procedural - short/long term

assigned for each of the task elements according memory, process, procedures- following, discrete

to the number of instructors who considered the motor, switching; (3) anticipation/planning -
element to be an error that was frequently per- intellectual, decision-making, problem-solving,

formed by tile average student and to be critical planning; (4) communication - communication; and

to his performance. In addition, percentages were (5) continuous pitch, roll, yaw, thrust, brakes -

also assigned at the functional objective and step continuous perceptual-motor, tracking, action.

levels according to the number of instructors
responding to any of the elements within that The importance of the taxonomic classifica-
objective or step. Since these two scales were tion depicted In Table I is its utility as a tool
considered to be independent, their percentages and a structural model for future research into

were multiplied together. This result was assumed performance assessment, selection, training, and

to indicate the number of instructors who believed human engineering. Without a unifying system,

this item to be both frequent and critical. Chambers (1969) believed it would be exceedingly

qtated another way, this percentage was considered difficult to achieve generalization of research

to be the probability of either a task element, results, communication between research and

functional objective or sequential step containing applied workers, application of research results

rrors whlcq would result in a below average or to applied problems, and utilization of data

unsatisfactory maneuver grade. A rank-ordering of acquired from one applied situation to another.

t'ese elemeots, objectives or steps by these This outline can now be used with other methodolo-

probabilities of occurrence were an indication of gles (critical incident technique, rating forms)

the more serious flight problems of student pilots in the determination of the size and scope of

along both the time and type dimensions of maneuver recurring student pilot error.

performance. Critical Incident Technique of Grading Sheets

A commonality analysis was performed. Each

task element, functional objective and task sei- The critical incident technique (Flanagan,

vity were analyzed for similarity and were combined 1q54) was applicable to the aims of this investi-

across the six maneuvers. Standardization of gation, which was to determine the validity of

wording, meaning and function within the task the task analytic information and to establish

element statements greatly assisted this the utility of the taxonomic classification of

pilot behavior presented in Table I. The inci-

A



dents with which this technique deals are descrip- Flight Rating Forms

tions of directly observable human activities which

are sufficiently complete in themselves to permit Flight maneuver rating forms were constructed
inferences to he made about the person performing on the hasis of the same conceptual mdel utilized

the act. For the incident to be critical.* it in the task analytic questionnaires and the

must describe segments of human behavior that are critical tacident analysis of the grading sheets.

pertinent to a desired objective. such as student These forms were used to evaluate the performance

pilot error while performing fltight maneuvers. of 21 students an the four hops immediately

This methodology outlines specific procedures preceding the pre-solo check flight Chop 12). It

whereby human error can be catalogued, described was assumed that student performance was somewhat
and analyzed. stable during this period, and therefore, a

neaningful analysis could be conducted. In all,

On each flight after hop 4, the flight the following ten maneuvers were selected from

instructor had to rate a student's performance by the total 21 potential items (minus the three

listing on the front page either an above average, global items), which represented 85 percent of

average, below average or unsatisfactory grade the total number of below averages assigned to

for each of the observed maneuvers. When a below the 70 students: slow flight, power-off stall,

average or unsatisfactory grade was assigned, the precision spin, approach torn stall, high alti-

instructor had to justify this critical incident tude emergency, low altitude emergency, emergency

by specifying on the back page of the grading landing practice, and full flap approach/ landing'

sheet the errors committed by that student. The takeoff.

flight records of 70 students were selected at

random for analysis. Two criteria had to be met The rating forms were designed to be read-

for final selection: (1) overall primary stage able, easy to grade and small enough to be placed

grade for each student had to be between 2.95 and upon the pilot's kneeboard. Sequential phases

3.10, which was considered to be average perfor- and task activities were outlined, respectively,

mance, and (2) each of the students completed along the columns and rows. Functional objectives

advanced fligh~t training, and therefore, were were abbreviated and placed within the matrix of

designated naval aviators. A content analysis phases and activities. A decision was made to

was performed on these written comments from the use only one common functional object ive by phase

back pages of the grading sheets, and the errors rather than having each step specified. The loss

were classified using the taxonomic model in of information was considered to be small with a

Table 1. concurrent increase in the efficiency and effect-
iveness of data collection. To ensure user

The Naval Flight Student Reference Manual acceptance, two flight instructors evaluated the

was developed from this analysis. This manual forms during a preliminary trial period. After

contains a detailed listing of the student errors this evaluation, comments and criticisms were

in this study, which are classified according to noted and minor changes to the forms were incor-

maneuver, type (activity, objective, error) and porated. The rating checklists were then distri-

time (step, phase). In addition, this information buted to eight primary flight instructors, who

is divided into two parts: (1) flight maneuver were required to simply check each error when it

section presenting 2029 errors by 660 below occurred during maneuver performance. In addi-

average! unsatisfactory grades for 70 students, tion, the instructors were requested to assign the

and (2) global item section outlining 1020 usual grades of above average, average, below

errors by 182 below average/unsatisfactory grades average, or unsatisfactory. In this way, the
for 39 students. The 2029 errors listed for the frequency and criticalness of the errors could be
70 students in the flight maneuver section of the assessed.

manual was used in the comparison between the

task analytic and rating form data. From this The analysis of the performance by 21 stu-

data pool, typical procedural activity errors dents over the ten maneuvers indicated that there

using the throttle control could be classified as were 683 errors for 132 below averages, 899

to omission problems (no power addition, retrac- errors for 255 averages, and 117 errors for 82
tion or adjustment), sequence problems (power above averages. These results demonstrate an
applied early/late, out of sequence wth another approximate linear relationship between grades

control, slow to adjust power), and commission and average number of errors with 5.2 and 1.4

problems (power reversals during retardation! error's, respectively, being assigned to below

advancement, power setting high/low, rough throttle civerage and above average performance. The total

usage). In addition, the following errors were number of below average errors were used in the

associated with the activity of continuous control comparison of data with the other two methodolo-

in the pitch axis: (1) high, low or erratic gies. An examination of the average number of

control of nose attitude; (2) late, slow or no errors by grade and task activity indicated that

nose movement; (3) fast, slow or erratic control the most frequent and critical errors are pitch

of airspeed; (4) gains, losses or erratic control control , roll control, anticipation/planning and

of altitude; (5) overcontrol of or rough on flight procedures. The average errors for each of the

stick; (6) late, not enough or no trim; (7) poor three grades over the eight task activities are

or no overall/external/internal scan pattern; (8) similarly distributed as tested by a chi-square

slow to see or does not see errors; and (9) slow goodness of fit test ( 2 - .505, df - 16, non-

to make or performs poor error corrections, significant). Two important conclusions can be



derived fropm tvits analysis. (I errors Occur clmpartsoll of questionnaires withl the other two
even when pert rnkince 1s cons idered proficient, methods. All vailidity est imates are highly
and, (2-1) the difference be tween the v.3rious significant. In addi tion, the correl at ions
level,, of performance Is mainly in the number of remain very similar across the three levels of
errors observed within specific task activities. analysis within each of the comparisons. Two

conclusions can he stated based upon these esti-
Whentheratng frmswer intialy dvelped mates : (1) flight instructors are consistent inWhn the . rtd adeigd therms re inial deeoe their determinatfon of student errors, and 2

;todeot perfo'rmance was relatively stable .)r they are more consistent when they are ratilng
relitable dtiring the fouir flight., immediately observed behavior rather thin qluestionnaire
preceding the pro-solo, check flight. To) test material.
this hypothesis, the number of maneuiver errors on
thie most critical and frequent task activities, of LjiSCU ,SLON
p'I t h , rol I , ant icitpatiton/ pl ann ing and procediires
we re compared he tweon t wo flIigh ts. Fifteen The task analytic procedure as outline,! In
stude-nt-s had been observed on two flights over this paper has demonstrated a high leve! of bOi
the ten maneuvers, In other words, a fly-fly content and concurrent val idity as well as high,
reliability was determined by comparing the' reliabilities for both students and Instructors.
performiace of 15 students on four task activities Tile ut ility of these results can be suaauariiel
(60 cases) on two consecutive days. The result (1) a val id taxonomic model hids been developed.

wsa correlation of .725 whlich meets the cci- (2) valid maneuver task descriptions have been
terion 'or stability as established by the PETER outlined, (3) a clearer and more meaningful Pic-
hatter; development' program. Another study ture of student pilot behavior has emerged, (4)
(b'ilcoxon, et at , 1952) which attempted to deter- valid assessment of student pilots can be accom-
nine nav'il student flight reliability, resulted plished during the stable and reliabte period of
in a rather low correlation of .31. This poor the three or four hops preceding the pre-solo
resutt could possibly be explained h-c tlie project's check flight, (5) inflight maneuver ratings were
emphiasis upon specific error within each maneuver, developed which did elticit vil id and relitable
For example, a student could demronstrate tie same data and had flight instructor acceptance, and
error or error type on different maneuvers over (6) the information determined from this study
both days. This occurrence would then lower the could have an impart upon naval student ;el ect ion,
rel iab il ity . If commonality of error across training and assessmaeit.
,mkneuvers had been cons idered in the Wilcoxan
study, it is quite possible that its resultant Presently, the Naval giodynamics Lah,)rst.orY
rel iabil ity would have approximated tihe reslt In 18. in New Orleans is attemnilt lug to 1'eve,.op .
tie present investigation, human performance batterY (?l Ps eformdaoce

Evaluation Tests for Environmental Research,
V-al idity of Task Analysis which will be used in unusual and adverse envir )n-

meors. The mialor thirus;t of lhe progran -it thi3
Recurring infl ight errors 1w stod-it naval moment is to study various cognitive2, perc:ept~isi

aviators during primary training iii the( T-34 and psychomotor tasks in) order to) deteronlne their
iircraft -were isolated using three rel ated methodo- stabil ity and sensitivity over repeate!Oiue

bie c ~meilts in a laboratory setting. 1lowever, a task
content analysis of student grading sheets, and anal ysis of various 11. S. 4%vjobs anl work
infi ight checklists of maneuver performnance. The stations most he conducted if the bitter. I, ctliree efot eeidpneti htteews have applicahil ity to human performance under
a different Instruc:tor in. studenit sa-spie Ill each1 actual and simulated conditions. The technlIque,
case. However, the results; were comparable which lids been described in this paper, has t Cie

haueec thushdth saetonic odl capability to not only define a parti1+ular oh,
as depicted in Table 1. For this reason, each but to isolate the critical components of that
method Is3 considered to he a task analyt ical job. These elements lo turn woul d provide the
procedure. basis for a performance measurement systemn, whichI

can be lit itlled in bothi the laboratory al tile
Concurrent vatliditiles of the Citee st ilent actual envi ronmsent (Shannon , 19~80b). In couic'4

e r tic assessment techiq ues wert de Icrinlnel sion , the altiot bel ieve,; that tlle-mtdt ie
Cirough cotrtelat ion of eachi mt ods results~ Ilv andl model discussed in thlis paper willI aidi iln t e

se-llien t ila steps, foc t tonal 11 be, t lye- '111.d deve' opment of funoct ional Invenitr le and 1I, the'
fout lnalobjct vesby t0)s c thn e~h 55i:-;,esme;)t o)f performance In tlhb'lock C101 elnvironi-

coiver. These correla tions arv slio,4 Ill Tahfi, Z. men t, and the-re fore, willi fIlI~C theo cr wt" 1
ItI 005 )e r of cases clminIcd wete depetilet,t Ol h .h~y
Ci' number of ltlneuvers andl tie level-, o)f analy-
- Is. Thle qle-Itllonnaires cot 1eCtei data on six ________:F

-tinlilver i. FuncItional oh;ject ives arce theo IS 
;n'I istel in TOile 1. and functional lilleotlves by Alloisi , F. A., 5

ietilll ogv Ill tile- l'se Of yte
Stepi 'ite the-n., same 35 It ems at .1 ;tire Iltec t,, tic Tasks, to Assess compi cx Petfornan-c.
leovel , that of eacrh proce local step. These r,,- ioman Fac ters, IQ6~7, 1, 37)- 3SM
5i ts ind icate a Ii glier tel it bosh Ip between the
rit lng formsicrlteia of lgrad lug shevets tCil in l'e
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Santa Monti-i, CA, 1968. a Task )Iassiflration Syte" ',,r enerlizing
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STUDENF ERRORS Wil'_,-xon, A. C.. Johnson, W., and Golan, D. I..
The Development and Tryout of Objective Chevk
Flights in Pro-solo and Basic !n.trj,-,ent

A. Continuous O eritions - tasks Involving multi- Stages of Naval Air Training, Naval School )f
dimensional tracking responses. hviation Medicine, NAS, Pensacola, FL, 1'452.
1. Pitch Axis Control - aircraft control In

nose up/down axis.
maintain (a) altitude, (h) airspeed, (c) TABLE 2: CORREIATIOSS OF SrUDENT ERRORS BY CM-

nose attitude, (d) stick pressure PARING TrE I'iRFE rASK ANALYTICAL [?ETHtODOLOGIES AT
2. Rol 1 Axis Control - aircraft control in THREE LEVEIS OF ANALYS IS

the wing up/down ixis.
maintain (a) angle of break, (b) dis-

tance, (c) heading, (d) rate of ANALYTIC METI!ODOI.OGY***
descent, (e) stick pressuro (CASES IN PARENTHESIS)

3. Yaw Axis Control - aircraft control in
the nose Left/-'vht axis. ANALYSIS
mantain (a) 1. inced flight, (b) heading, LEVELS (1) (2) (3)

(c) rudder pressure

4. Throst Axis Control - aircraft cntrol of
forward movement. STEPS .578 (57)* .521 (51)* .830) (') 1*

maintain (a) rate of descent, (b) throttle .8 (Sb**
pressure

5. Brake Control - aircraft control during tI ECTFIVES .5S4- (9)* .1185 (90)1* .821 (QOI*

ground operations by turning, stopping or .(402 ,157*
changing speed.
maintain (a) brake control OB.IECTrIVES .55t (.1O0* .,o8 (210)* .'30) (.1101*

B. Discrete Operations - tasks involving tndivi- BY STEPS .'36 (21**
dually distinct movements or mediating re-
spo ns es.
!. Procedural - control of aircraft sub- * Comparison of data for six maneuvers

systeas by not omitting, reordering or ** Comparison of data for ten maneuvers

improperly performing necessary sequen- * All correlations beyond .0901 significance
tial steps. level
use (a) flaps, (b) landing gear, (c) fuel

switches/lever, (d) canopy, (e) (1) Questionnaires/Content Nnalysis
throttle, (f) prop, (g) battery/magne- (2) QustFonnair,/Rathog F.rms
toes, (h) equipment, (I) checklists (3) Content Analysis/Rating Fo,.ns

2. Anticlpation/i'lanning - tasks involving
jugment, planning and "being-ahead" of
atrcraft.
anticipate (a) aircraft, (b) position,

(c) altitude, (d) airspeed,
determine (e) wind direction, (f) land-

ing site, (g) location
3. Communication - tasks involving transfer

of information from one source to another.
conmunicate (a) verbally, (b) visually

4. Monitor - searching and scanning inside!
outside the cockpit for aircraft safety
and maintenance of flight.
scan (a) for aircraft/obstructions

(b) temperature/pressure instruments
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Performance Evaluation Tests for Environmental Research (PETER)
using Task Analysis
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INTRODUCTION

Task analysis is a methodological tool which can be used: (1) to des-

cribe the functions performed by the human component, (2) to determine the

relative position of each task on a certain dimension to the overall job, and
(3) to specify the human capabilities necessary for criterion performance.

The results of a valid task analysis can aid in the decision-making process

concerning personnel selection, training and assessment as well as equipment

design and test and evaluation. However, this procedure is not rigorous in

the scientific sense, but is more heuristic, creative and innovative. There

are guidelines as to how a task analysis should be conducted, but there are
not any set rules that can reduce this technique to a routine one (Miller,

1971). Researchers In the literature do not always agree on method and de-
finitions, and much of the work is fragmentary and inconsistent without

utility or validity being established (Farina, 1969; Chambers, 1969). However,

the literature can provide models upon which future analysts can develop

their task descriptions. For example, two different approaches to task

analysis, hierarchial and time-line scenario, were used by the author to

describe naval flight officer functions in eight navy aircraft (Shannon,
1980a), and naval student pilot behavior while performing six flight maneuvers

(Shannon, 1980b).

Presently, the Naval Biodynamics Laboratory (NBDL) in New Orleans is

attempting to develop a human performance battery (PETER, Performance Evalua-
tion Tests for Environmental Research), which will be used to study behavior

under unusual and adverse conditions (Kennedy, Bittner, Harbeson, 1980). To

facilitate the accomplishment of this goal, a task analysis of various U. S.

Navy jobs and work stations will be conducted. In general, the steps to be
followed from inventory development to battery implementation will be: (1)

Research and evaluate the existing literature on performance assessment; (2)

Isolate the critical work stations onboard U. S. Navy ships which are important
to its peacetime and combat missions; (3) Complete a task inventory of these

critical work 'tattons; (4) Develop a questionnaire in order to isolate the

recurring critical elements pertaining to a particular work station; (5)
Translate these elements into perceptual-psychomotor behavioral components;

and (6) Design a perceptual-psychomotor battery to he used at NBDL which is

compatible with the existing work of PETER.

Previously, a similar progression had been followed in the development

of three task descriptions, which were used to evaluate naval student pilot
training (Shannon, 1980a). Although this information was never used to aid

in the development of a performance battery, most of the necessary work had

been conducted. The purpose of this paper will be to discuss this prior

effort because the outlined methodology, data collection and analyses will

have a direct impact upon the future direction of the PETER program.

-~-~ . *
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Method
Mechanics of Task Description

A statement of purpose is necessary from the beginning in order to give
structure throughout the descriptive and analytical stages. This statement
should contain the goals to be achieved and the personnel to be studied whil e
using specified equipment components under certain environmental conditions.
Another prerequisite for the analyst is the attainment of a detail ed knowledge
of the job, environment, and system to be investigated. This knowledge could
be arrived at through expert opinion, on-site observations, research litera-
ture, interviews, open-ended questionnaires, existing task descriptions, pro-
cedural system handbooks, and pertinent human engineering standards documents.

Task inventory development is performed in gradually refined stages with
the analysis proceeding from large units of information blocks to successively
more detailed lower levels. The qualitative model of the three projects
described in this paper followed a job, role, duty, task and element bier-
archial breakdown. In this model, a job was defined by its roles, a role by
its duties, a duty by its tasks, and a task by its elements. A task can also
be defined as a unit of work which is directed toward the accomplishment of a
goal. A task statement should contain an action verb with a definite objec-
tive, and should specify or imply the personnel, equipment and environmental
conditions involved. Approximately 70 action verbs were classified, defined
and utilized in these three studies based upon the following four-category
task taxonomy: sensory/perception, cognition, communication and psychomotor.
This taxonomy is in general agreement with the literature. The utility of a
taxonomy, and standardized action verbs are to allow the analyst to classify
human activities, to have similar meaning and wording within task statements,
and to perform a commonality analysis across jobs. The remaining portions of
this paper will now describe the three Navy projects for which the author
developed task inventories.

Task Inventory Development

In 1973, the Chief of Naval Air Training (CNATRA) decided to upgrade,
revise and evaluate pilot training. This program involved three pipeline5
(propeller, jet, helicopter), three phases (primary, basic, advanced) and
eight types of aircraft. The author while stationed at NAMRL in Pensacola
was the sole consultant during development of three task descriptions, one
for each of the training pipelines. The descriptions listed all of the tasks
an undergraduate pilot performed while he was in training. The inventories
when completed were administered to all fleet replacement air groups (RLAGs)
in order to determine the following information on three five-point scales;
(1) How frequently is the task actually performed at the RAG activity? (Fre-
quency), (2) How important is it that students be trained in the task as
undergraduates? (Criticality), and (3) How well does the training command
presently train students in the task relative to RAG entry level require-
ments? (Training Adequacy).

In order to accomp.lish this task, it was necessary to have representa-
tives from each of the pipelines and stages of undergraduate pilot training
(UPT). These representatives were instructed in the "how of task writing" and
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were supervised through,,ut the development of the inventories by the author.
To ensure a complete inventory of tasks, a matrix was used on each duty.

This schemattc contained a behavioral dimension of action verbs from the task
taxontxny (Y axis) an, a functional dimension of equipment or goals (X axis).
The interior of the matrix was completed by the representative instructors
with a simple "yes" or "no" answer to the question "Is this task done?".

The next step in the development of the inventories was the comparison
of tasks throughout the various stages and phases of training. Primary phase
tasks were compared with the task- in the various stages of the Basic phase,
which in turn were compared vith tasks of the Advanced phase. At the conclun-
slon of this step, there were three groups of tasks (let, propeller and
helicopter pipelines,, whiicl weTe standardized in meaning and %rding. In
addition, a commonality analysis was performed in order to determine the
coimmon tasks between pipeIines and the specific tasks within pipelines. This
effort would later a1 low fu) general izations to be stated concerning te UPT
program as well as crobs-cmparisons within and between fleet aviation comm-
unities.

The three inventories were then typed and administered to a limited
number of training coMmand in-itructors in the same questionnaire format to be
used later in the replacpmaeit air groups. The purpose of this simulation was
to gain insight into respondee attitudes toward the inventories. In addition,
the training command Instructors were asked to add or to consolidate tasks
when necessary. These, ommonts were then incorporated into a final version.
The final three inventorie , were then prepared for replacement air group
distribution. The average ten..;th of the inventories was 340 tasks, and the
average number of common task,; across the three pipelines was 276 or 81 per-
cent of the total. Each of the Marine and Navy replacement air groups on
both the East and We,;t Coasts were visited. The task analysis questionnaires
were completed by most of the instructor pilots on-board for an average com-
pletion rate of 88 percent.

Upon return from the field, at.1 data were coded for computer analysis.
Each of the tasks were ana' yzed by the quantitative data from each scale, and
then the tasks were rank-ordered. An "underemphasized" task was considered
to be one which was ranked 70% or higher on the "criticality" scale and 30%
or lower on the "adequacy" scale. An "overemphasized" task had the reverse
order. This filtering technique enabled the analysts to isolate those tasks
which needed to be irproved or added to training, and those tasks that could
be reduced or omnitted from training. The average number of "overemphasized"
and "underemphasized" tasks across pipelines were, respectively, 4.3% and
7.2%.

Results and Discussion

A behavioral analysis was performed on the seventeen most underemphasized
tasks in each of the three pipelines. The assumption is that these tasks
(highly critical, inadequately trained) would form the most valid foundation
of a performance battery to asscss pilot behavior. In all, there were 37
different tasks which were studied. Individually, each flight task contains
elements which can be considered as parts of an information processing loop



between the pilot, aircraft and the environment. This feedback loop contains
the following components of display, sensory, cognition, motor and aircraft
control. This analysis dissected the 37 flight tasks into 194 task elements
which were classified as to their behavior activities of scan, cognition,
control and communication; flight operations of takeoff/landing and inflight;
and flight conditions of normal and emergency/contingency. The results of
this analysis can be seen in Table I which indicated that control, takeoff/
landing and emergency/contingency elements had the highest number. The
latter two classifications are more significant when one considers that most
pilot functions are performed inflight under normal conditions. The result

TABLE I

The Classification of the Underemphasized Task
Elements by Activity, Operation and Condition

ACTIVITY OPERATOR CONDITION

SCAN 54 TAKEOFF/LANDING 103 NORMAL 92
COGNITION 52 INFLIGHT 91 EMERGENCY/CONTINGENCY 102
CONTROL 74
CrM'BNICATION 14

that motor functions are more important than nonmotor abilities (sensory,
cognition) has been supported by other authors (Fleishman, 1966; Shannon,
1980c).

A content analysis of these 37 underemphasized tasks was performed. The

tasks having the most commonality are listed below:

A. Scan

1. Scan inside the cockpit at pertinent instruments (altimeter,
airspeed, needle/ball, navigation, temperature, pressure, f-el, etc.) which
will present necessary information for flight maintenance (25).

2. Scan outside the cockpit (ground references, other aircraft,

flight and wing attitudes) at pertinent cues and/or obstructions for purposes
of safety, navigation and flight information (2tl\.

B. Cognition

I. Calculate/apply aerodynamic principles for proper aircraft

performance (during all types of takeoffs./landingsidtchltngs, stalls/spin-,
emergencies, hover) (44).

2. Assess system effectivenesi and mission capability of the
aircraft (through judgment, composure, in& function isolation, croqscheck of
degradation) (8)



tI
C. Communicat ion

1. Communicate information pertaining to aircraft performance
(with controlling agencies or crew during emergencies/clearance/approach/
departure; with maintenance personnel while recording system malfunctions)
(9).

2. Apply proper communication procedures (during clearance,
approach/ departure, emergencies) (5).

D. Control

I. Control aircraft during stall or low lift conditions (departed

flight, spin, high angle of attack, power settling, autorotation) (18).

2. Control aircraft during takeoff/landing emergencies (aborted
takeoff, engine-out waveoff/landing, ditched/forced landing) (18).

3. Control aircraft during emergencies while troubleshooting/coping

with the situation (6).

4. Control aircraft during normal approach and landing (line-up,
crosswind approach/landing/rollout, high gross weight takeoff/landing, landing
rolLout on wet/icy runway) (29).

5. Control aircraft during hover in response to crew chief direc-
tions (3).

The results of this analysis indicate that a battery which was designed

to assess aviator performance should contain vistal search/scan, problem-
solving, continuous leg and two-handed tracking tasks, as well as simul-
taneous tests to evaluate an individual's time-sharing capability and judg-
ment under stress. As demonstrated by these results, the technique, described
in this paper has the capability to not only define a particular job, but to
isolate the critical components of that job. These elements in turn can
provide the hasIs for a performance measurement system, which can be utilized
in both the laboratory and the actual environment (Shannon, 1980c). In
conclusion, the author believes that the methodologies and model discussed in
this paper will aid in the development of functional inventories in the

oceanic environment, and therefore, will influence the growth of the NBDL
battery.
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Task anal ysis is a a' trOdOlogical tool which similar mean ing and wording within task statements,
can he used : (1) to describe the functions pr- and to perform a commonality analysis across johs.
formed by the human component in a system, (2) to The remaining Portions of this paper willI now des-

determine thie relat ive posit ion of each task oil a cribe the three Navy projects for ilch the author
certain dimens ion to the overal I job, and (3 to developed task Inventories. 2specif-y the hruian capabili[ties necessary for cr1- Naval Flight Off icer Project (1, 2
ter ion perfornance. The results of a val id task Io 1971 , the Chief of Naval ope ratlonis (CNI),
analysis; oan aid in the decis on-unaking process recognized a need to revise the niaval fl igirt
concerning personnel selection, training arid off icer (NFO) training program and to detpriiir
aissessment is wetlI ai, equipment des ign and test and future training equipment requirements and chari.. -
eval uation. However, this procedure is, not rieir- trist ics. In response to tils need, the Naval
os in thle scientific sense, hut is mi)re lieurit ic, Aerospace Medical Research Laboratory (NAMRX) in
creative arnd innovative. There are guldel ine a Pensacola, Flo-.rida wa- requested to conducta
to how a task analysis should be conducted, t,: eies of invest igat ions analy' zing, the operatitonal
there ar,' not any set rules that canl rehice this finc t ions if tire NFO in the F14 , F4, A6, P 3(, P31i,
technique tur a routine one. Reseairchers in the E29, EAb, RA5C. In all there were 13 posit ions In
Literature do not always agree in tretit, aurd It. eight aircraft.
finitions, arid much of the work is* raginentarv Iod The FI and F14 aircraft were selected as the
incons istent without util ity or vatlidity being' iniitial positions to) he described. Tis decision
estab.lished. However, the i iteratr., ll trrov ~dp depended upon thie kcxlstencex of the F14 Reaidiness
models upon which future analysts carl ievei op the it Air ,roup (VEI 24) and Aircrew Training Tean %whose
functional descriptions. Tire'purpose, .* this paper memibers had operit ional experience in the, F-4 and
wilt be to describe the task anatlyt ii approasi risen were kivowi rdgeable concerning the syst ems in t'ie
by this writer on three separate ti. .S. Navy con- F14. These two inventorties becaime tie lrasis for
tracts involving airborne functionis arid to -ititt le the Naval Flt iit Officer Refeterec ,ystv"i', Aiicr
firture Intent ions rusing the salne it thodol ogy in a was a pool of atl SF0 tasks iin i td iriveir-
different unusual enviro)nment. t iries by duty arid role. For exnpte, the F-l'F14
Mechranics of Task Descriptionj tasks were tire forindat in fir tie Air de,,r iptin,

A statement of purpose is, necessairy from thie while tile F4/FI 4!h6F itemn pool hle 1 Alvet 0 th,
beginning in order to give structrte thtoughou t the P3C. local techi cal advi sirs rec io eve tie 'Wi,

descriptive and analytical stages. This statement Reference System to select thos, t iss iteis wiilch
should cointain thle goals to be achieved a.ndi tri, wete irlent lest and strilat ti Cieclr al reraft . Ani
pe rsorrrel to he astudiled while irs ingl spec If ed initervi ew wats then corirrretel involvi-ig ain ad Is )rr
eqiiipment conmpornent s under certain cnviran'rrt ol comminent s, and add itinal items w'r,' dec to~ici ,r
condlt ions. Another prerequi[site for tie anriiy-'t ?xisttn:.,, task-, rewa;rded. Io this way, eA'h n-Ie 0-
i,; thle at tainment of a detailed knowledge of tire tory was s tndar Ii7.ed as; to, word inrg and nciitp
job, environment, and system to be invest igate,! This proceedure enarte1i tie prerformnrce it a laiter
Tins knowl edge could be'arc iveri at thrtigh eunpert dat, of a comironra! tty anal ysi s, whi,-h indiocato l
oplnion. on-s ite observations, reseirc ir '1 tratute, 5 imiiliritites arid dif fereurces- bet,,en NFO posl' :ins;.
Interviews, open-ended qres I[ion ire s, exist Re i lois thlere fore, t, tile SIX) t riin lg prp ravn
task desc riptions, procedutal sys temt hai iork , and colilt hie rec Irriricrded.
pertinen t boa-rn enjineer ing astandartds doe rnra'its~. A~fte r tile deelopmnen t of a prel a I iniry i n.enr-

Task Inventory devn [opurenrt is perfrind In tory. selert ed anmers of a repl acemrent air gro~ip
gradually ref ine~l stages w10 t'iri inalys pro- (RAG,) sou.rnn for tie subj;ect at~rctaft tevioee
ceedirig fr,;n larg;e units of Iiforma t ion b! irks to the taisk content . Del etions, addit ionis and re.,'rd-
s;uccessivlv1y mire deta iled l ower levels, Thre ing of t.rsk st-iteacrits ba3sed upo these comnnt
(ILuat Itat lye iMdel of tire three prroje.- t a de ac rthed were inco rpotnit en into the ftial inven to ry ioe 1.rr
in tir Is; paper fol lowed a juhil, tol I', d uty, t is', and wa s thlen ma It I d to at I tire operait lorra. squ -0 r is Iin
el ementf h Letaircitat breakdown . In tis o, a tire fleet. Tire averago lengpth if these, 'urict ion C
job ,ris deflned by' its roles;, a role by its rrtleS' 'escritiIon was 241 tasks. Two se.'ei-poirrt s~al e,

a duty by its tasks, annd a task ',v Its el emerrtj5 A were seri ii tlie fiinct tonal inventory t.) ncr s irv
task can nil a ' be de inert i-i a ant It of wiork whii Is ci ler tire reqiIred proprort ion of tinTe ane of f rt
di rectedi toward tire accorrplishnent if a it .a (Part of Position) or t'e imnportarice ('itl irA i v)
tasK. statement shon d conta iii in actitoni ve rb with a of eacli task,'dirty 'role ret at lvi to, tire reli'i tni
def in ite objlect ive, and stirinr spt-clIfy or imiptly the tasks, diuties, roles. T.,hen the c o-rpl et ci rsin

pers;onnel , equlpmnrt anil envirrnisental r ondit Hrs naires were returilei. this infir-astti wais.lt
involvel. .Approximatel y 70l action vtrs were riass- keypurichei saul analyzed. A ''Part it Pos it ion' aim-
tf ii, def [net arid itt it zent ii these hre'' s tird le "Cr iti ir't v" mreani, standard devilit ion * pe reii
naseul uponi tire furl I owing furirt-ca teguity taisk taix,,- perfurmring . and frequrency dis t rIitution wis a lyve-i
inrv: SeniSory/perceptLtin. coigniition,* unnimonn l.nt oin forr cacti rite, dirty, and tas,; lire averave rait,i

and psyclrunnr tot. Tis taxirnisri is ini )geni,.tal analyzed to) ma iled iivetitres, bv 14i) i-sition wis;
arimrtwitir tire I itetaritr.' 7e iit iitv oif -a 67 percernt.

tixoirnoiy and strriariizeut i t iii -rt' is ti a tOMW

Cti iatst t, rlasify htinx at ivites, r ti ivi



_Ii; 7') th ile .i . .--a irTailigij'', .- 'i," ,- i. ais B i-.i

-N A IlA le,~ i'i1'1 t,, 4pgrt iii', re!vise; aui .. ,I: iat, ph I ts; ot- .Irj toc --- iri,' I ~* w -K it. -

'fi I triiiig ti Iir ogrt. iIii v olI veI th!ire jiiit p) I,.e';el.

pnrl2iv,; hIst, a,4i' ;Pinrig!t; types if a ir- f)I ) piiti.r 'mi 11 v-,tf' . Iu' BW
L a i t . Melit' . i,or wt i ,' stat ['ned at '.AT:!, iii 11ii1i ,VZL I by the vpi rt I r

'Cnia.ioi~ .iwi tC1- sole- -Ititaot duIr ig delelojr- 10' tlii'' Ce tlick wi;.' r ~ r.

.,V:,t ojf t hree It ask jsI:, r I pt Loons , one fo r earI o f CeTI; !is ,1 iz_' !' ' tic , c-,; ,v i I; .I t 4.-.'

t ii, t raI iag p14p )e! I nes . TheIt de sc r Iptitons Instel r~iniked 7fl7 ir 1 Hg.. I- -Ii t ,
'IofI the itasksi i; linIergradiiate p[ilot pvrfo;rm.' "Crititeal ity" i. l! r W v

cli1i1- h,_- wa i I tr1.1iting. The Inventories when quacy'' sc-it''. '' .,"I- a r
, 4i.1elteA wet' a0ministered to allI fleet replace- verw, crie-r. Tl,! l t-rliii; t. inl I 'I

'Steta ir erotips (RA%('s) [it order to date riiiie the iiisl vsts tio t siB it' !lsei t is I

t ' win i Iii fo r iaIt I o it on th!ir ee fitv e -p)o Init s c aI en: I it:p r e or jd, i,'i ti t ri I -'HIng. i i l; i
ilofI fre-iieittl4 vis the task ac-tu alIv ly pr formed i,-i .1', redu o- elr nt t'- frp r ih .n .. .. .

at the RA,. ai ,iv I tv? (Freqtut-nicv) , (2) How tupor- averAmge n-u-icr i ''ee, nIe7'.- 'i,

i. s I'lt 't hait ',tiiiients he traineid fin the tarsk as sf;zed'' 'inks acre, iicae l:i, ar':'-' -';

I'iil. rg radoarl ens (rit ic-e) I t u) , and (3) flow well aI :II .

At--. t Ie- It rri tiliing ciuand presently trai in s tuld en t s aI Fa' kenek r ipt io. In ;nt ~ tI.- -

in the trink rel1ait ive tto RAG entry level rep; I re- 'rIe jp raise I~ till Ef t wsi t xp- e

'ren ts?1 (-training Adequacy). r asih 11 !i v 'of tile app, tiat ion , i-- - 1
Ti order to aicinpl ish this; tiqk, it was te chitIj, ,'in to Itoi," 'cut11, and "vai 'i tV' -.

ncesisary to have representat ices fromn cacti oF the sy851. rmtsem i i ei- - :!I I hV ~I f' t .i -

pp)Innand stages- of uindergraduate p11 ot traitn- gI' "'te-i, the nil e' wii I !~ ui-v- i i

Iog kLTP ) . Thiese representat ives were instructed tli-itof a two-rei6'n fiv'irr r ;I(-! a1 ' F .,
Iit thle "how of task wr it Ing" and we re suiperv isa! Dir ! 'i,; t he tes t I i; ' t ite W5 , 1 wa 1 .i f r

throghout the davelopmenot of thet inventories b)y ifl',i3s re!I tniprit ice t u~t t!he I c;--ia (Ii"c','r-
thle authior . To) ensure a complete inventorv of ;;sp-.'tu of thle svst,-nii 1- ii 1-ee' -w a ,,xr r'--

tasks, ai'mlatrix uras tsin- on cacti duty. Iits sche- ca3re ,snld thIatL r ap1, iin-ii-t 'ii A -tll .)'e

-rat ii- coot-; toed a h,.-hav inral ditajis ion of act ion t, JeCc.' n-nkrs~'lo!cact
erhn irom thet task taxonityny (Y axis) and a fuio- n, r.'sp-'is'- to t hIft s-io"el te Pi -!,o :,u'

l-'na! 'limnenri) of equipment or goals; (x axis). Tl~nt renter, Print 'i;; 'iIfri'ni!'i

Thie tinter ior ,,f the iv inix is ccrnplated by thle ilit' "i n l478 rt,,'lvlo an F: as
replresentat ive instruictors wit1; a slimp!e "yen," or tr ;' dciii.'t, the irtt !ties reqijlredt a", I I If I

n-ansmer to the quest ion "In this; tisk done?". 'indo r yES IFR And) K;'.' nigh t r-qI'')i ti a"l !:- 1; ai
The next step lin the devel oprient of the in- i' "t,4Asqlon ' rotf 17er ." Thts iIn~ ccl- 'wen lie

centur ics s-is the -omupari son of tasks throughout to" thle anlt ;)Or 'i-' It, ' ''nc-taA i ?e I '.-' W I e iceIt -10T

t'ie various stages and phases of training,;. Pr I- an))I ab Ie 'i urrennt! v i t PA"81 1; resEN " 'H

-mic phase tasks w ttu compared wtth the t isks In It,.'. itor ;a-; ti h1e -i part, of an) on., 4in BeelT

thle various stalges of the Basic. phase, which i n craWi 'I' ss'.n iie r ahi i 1t>vN -Xse ,sme nt 'la7 hnt ic,

toir' were compared with tasks of thle -lvancel - ;twih i toi fi I'r assessing u%_Tau' vsem

,ise . A t the roodl -is ion of this step , Ithere we re vo-rit tt' I I it" -i te .l -ire') , ;s qiii-H'cs i I

IthIree groups of tasks (Jet, propeL ler and he: ic .) p- 9-hi'aI '~ ', 'I'7'ulltt' -a ;
1

im,'! !Irerl'V 1 ef

ter pipe)lines) which were standardized in meinig rat in-i i 8 f lutch c-intained iements '' wf
so'! -ording. in addition, a cmirnsl ity analysits sept' ates-ls-..:-s:rrc iiti'ns in' -i

was performed in order to determnine the common tasks w)i t, 'd " a n ldit I 'n , a po r t abl1e -b m;I Co, -'pIit'-r
b)et-een pipelties an-i the specific tasks wthIn W.'- i se o( 1 a-1qI ''- I n )I' -)t'. 'n) t )eIr rtin
p ipelna es . This effort woul d later al low for get;- I --ne' t pat- after f tg4i;1t , oVR? Ie't1

-Ia' I zt ionls t o he qstitted conc ern ing t he U PT pro- 'i i ,t Iiu'.v':t lrr -vis !-v pc -iii -Ii
gr i' a,;wlI an cross-comparisons wi thi od nIe- - - o - i 'ine! 1r- 1' * ',Tr iv , I"

1we'n fleer aviation ccomunities. th!e c" '- t"k '

The tCiree io'.entorias, were then typed and -if i!rcri'r'' rc-:,- . t-i' lo jIB -1 11,

ilmniist-'r" a 'trmite! number of training t -isi. 1 il U I : ->i t'V ' lii t l' - - :

c'nutin', tinutrurtirs 1i the s-nme questionnaire O .,r dcs I. lptit . 1",e i ic .,r 'ialI -t '
fo rm t , he incA, la t er In the re pIacretrotI a ir thei-k.n rI;,t! :i fI: we.; ru' d'Ii a tas
griutps Phe i p;o o f thIis sinmulIa t Iin wa s ti gIl it out' 1:W' ii cel' -i-!- tI -' ten.1. :c 7 :
Insit I ,lmt , rt-upendee attitrides towsrd the 'avjon- '.-sfcr7i o'' 'psnAg i.''rs

Tir"-. 1 silit
1 in, thie tratiing civrril nd t.r t on- tAr'' KC ' it.'rit.til-. iiia

r-. Atrl' aske) t add or -o'nsol Idate tasks whe ,l -ivrh icI'u!-w I. 't, let - Ali A'
.:7. e : )m t 4riw 'rce then in ourpirate! O'."i 'i i0;t'r I-l 1-i <'p-I t 'viet-is 'ti1a W "r~ nl

In 'tol ear-;I l-i. Ti,. fina: three fiventor 'n Vt. m' '.'p'' w -fec- 'u i IY

- t'- itin r e Ila rec' f, -t rvplitcunnt air gr''ip li r! tin 'i t t, iv"; Wver. -aua- i

'I -t1. lu -ic-,raig,' lep71gth i f t'iie InTve nt Ir ie"s I 1i tnS' -ii'!I v t i S '!I eiii I we ri-'
ti- '. t'U ,-ii! t,' s-;'rg umr ogE ~I11 FIf Cio IT1 '1 rI - 'itI'i t i- e r~n w,h! was ti''

'i-is j, r is; t- t1-ree, ilpln' e so I' -on Si i 'a s 6 .) 0  is A '''tI. iiuvt on c "

-alit if to- tuoIti'.. Fic'' 'i tie 'larlie l-0- Na; iv-- wili 'ut I'.i-' 's-matelh
r''''r''"*it air gt',' -'i '. Ote V-I-t anrd West Q---.1'I wI



At I t -, g t I l 1 p J, - i - d14

. ii, sCef, ti10 t vclii mll mid P- fs Ii it P

* "Ii ,tiIv, aiid the *Jev.'lu it p ,ttilveiit,rtes li
',is; ifvet' oxiciiles J 1 part [,cii ar ttS*k inil at f

,ti 1 'l)v . Di p ii'- r d Ii v:,Mead I Ii thereI
W.ts -l IuAWtixil l i t fillekt lull -across job iS, ci;

out" ill 1)1 at ftin t; lii geiieril , the N?'' i tld

itr it i ts. Bttu tritiiigi p ir,rd i ei s f*l,-tiiiIl'~

', , tie r--,i: 1 1 fr vi t 'I I, !e,,,t. P I, d' le sc-t t 1in
'it ti' '*i)? or I et , kill tie otlici hln -i IUt! I h as
t' Sh' 1,wt- apl leabtcd1)11 tie . 'I'uwevcrI. tr II ,1 L'-i
Cii% rt' v e thIi e <i -;tfn ,, i i ve'irt, Irv w~il e t I s

iin I! u l,t Iqtnn' tite test oill t..1jii'lii 1  ie it

dei~t 0 plseit . his flexibif Irv !Iotil I eVilti51a I

iii.realst tie 1 iveiltory Is val. Idty tCiif iit 11 tV.

Preseqt!l v,* the NA tVi. lie ttlinttit i Ni's 'i!eai
is.tttnpiting ,,feveli' A lii n ,erf 'rw, -e

' -irtrv (PiLttIER Perfoniailce Eval -ittfun tt'sts fur
Envtrr-w'nt -it 'ese Itch), which wil I~ ic use-I It:
kinlusid! An:t1,1 averse einvt rinients. If., 'Sda ot
t i r ist -if t it- pr o_4r~in i t t'lI ', larn t I ; ti str'!f'.

varv ius cit,,ittt t ve , per :e1't-lal ml~ ;''';ootor
rt sks I n L iietr to- dct e riie t he ir stra-'iit aid!
i'iiA it i v I tyv ove r repie.1ted1 meiu r emer in at I ibo a-
t t ry set t Ing . +hoeve r , i task, in ilysis ''f various

1 * Navy jolts and 'work stat ions -iust lie c'tiiiiu: tel

ie thie battery i-u t,, have app'. tcab 11 ty t" -c n
pprfrinta iwe unfit ai-ril and similated its.

Tis Itecrinfinie h-as the r ipahift Its' to '1t iit

,ia crihe a particular job, lint t ' l-late the
cit ic'il ,-rlwwntq of that I-i-. nheir oh e"*'nt,

lit tiurnw' I pr's-ieo the his!, fur i p- rinnane
-wiiair-nent system, Which ican be iti1ll'1.ed In

the 1.4 r r or and the a'tia nnsi rinen t . I n
-'ncl ison. r th a-irhor hlp I eves; tb-it ti'' -rthondti-

in-; d swil I 5155 qc pI in tb i ; ~o i! a !d In
th' 3evlo-nt' filne 1" tn i' fnvi'it)rtlei antI !n
tie~~ ~~ 5iVi'\ Iperf 'r'nsnp'e n the oreinli-

en itronmen t, trd there f-r )t wi I I nfl uen' the

_r 'tt if the NANRY. bhat ter'.
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Die Naval lii'lyivinls Laitiiratory is deveilp- elvrin'l i 1i t.ilit t!111ta~~

1ig .i toittoit per rtiiliie bar cIe v w;hich wiL I he pe r firmii ,v tWo) li.!V lv iLJi I itl &:i a i1r1-rit
±> -L to stiis lit-litt-ivor uder ti-isiL aindiAdverse ct- eiv iiliiiiet

:-oit31t Ioins . t fact! itate tititic compl ishinent oX
thi 4i a1 ri"sk liaIIIvsIs of various Ntvy jobs CiLI-i KNALi nt ANALYS IS

it I-wirk s t-it toits Is- be ing C 'I o C Led . Prior Ti v twii w r k s t aion dc-ic ri itL in -wef-,

e tt- f t Suii~c rti J s pro jec t wl, t li ott it [rzed dit s' rL- tedl us tog thev Poii, it lu Aaial VSs _i!5t I, It I'll ftr

.Iti V t ic t. tool cotl hie found in Shlinutn (PAQ) (!4c iorit * LeunI-iit e ret!t , i ii --I'I .Am ,Ii ",7 2 ) in[
L'8 a~i *hl , C ,I) . Tile- pr esen11t s.tud y exre ,I Id.sn 1 diii irdier to trju1sL te the SpeCifi:- ti-k5 e ti't -! t,

it-! ', pi ', oq ii4 two work stait ioi 41tiichi htive di fti--lll. cit-if -cilia~, wut 4i L-., o.-iL cili
* ii It~ ti(-t Iat :iiiss, iil- aind whose tasks ite menitt into- Cilirnori1 risk eLect-ielt'. T: i s iLu,'
ie r t, r-io-.'I i-i viii d it f eren t envlironirnns . Th e atire iL ouii -1 id of 1954 eic l"!;i tS- a ii i

tli0v or iS is'i AIn tliis coumsati soi is t,; th iere separated jlut, sx d iv is,in-: i ii .,rva !l i Pi,,it
l[it J I-sionri; i tv Y i f hiiijii wo rkfot t £015S men itat price sse s, wor vI out pit , reia tiiiiisii;,s Wi t

So' -I -t ~ I i-~ rnlsi i~ ,t-n oilier,, job oin text , irui other joh ci,iraicte- tr's.
o,' 411 thevrek -ire di i ferences i n e qitI;nienr, The PAQ ve-en t -,o res, were c onvertel to 4 -

pI i t! it' , r 1m en v itriti t . The twin wiitk it Itlrioinis fa,- tilr scot'rs hv is Iil f ac to r tlad inivs Ie%-el-os'
in4 tn' ire thi tact ic- ri tsks if tile Cininhit for 2200i~ jobs by McCormick et iL - Vie .5 f~act-,r,
lint-inniti in L'ntor ( C IiC o f Navy ships ind thie ( d Imens ionsl,) le noIud e 13 fti r thiie sx di- I- ions -it

t -iit Lti ftriarLit it r tro! Of f ti-er (C ICO)a!i rd lined abiove and 12. for the ilveral 1 4o 5.
F2 -1 to tiaf r . I n 0ni it Io1n, tile s tat i.st te Al Sepi rte PAQ an aL vses we re ciiininc t ed E -v

inF si-se if a irel I isit-i battery to aissess CIC two different roeor-hiers. one f.r Wi1 if1 tie

perfir-tia-io wit .he dtscusseki . other for C tO0. Miham, McCormnick au-i Jemntcret
itL977) souiiest that -i-.eeit h',twee-i P-. anal-asts

IFA 5 K 1 NVESFORY )EVi-tb PMENT he Indiciated hv a priic t-soment - rreliat ion of

,I inventory devel opmen t is-pc rforsiei to tiel it194 jolb eleio-)it rtt gs. - ie Ci ea -
ri 11; 1 !1v refinei stages with tile anaiysts pro- ie twe enL both seLt- of raitings C(:1 & i Ws

-ij; t in I a r,; on its of tofiirnat toin hLo.ks tii r = .3. 'e-vlui ,"- tie I 94 eLkisent s were- Ci e o~ tr
--- --- --- I v-!& v flu)r l de ta i Ied t ower L eve! a . Thle soonr-sl o)f I is agr, mit-t be tween it:1.1 v-,t-,, t i

C t itlie nE- if tie twii tfforts described in Wi t:ou t lse eeil ttl tije core a t 1, ); W11s
-~ Iper fol o :we) a job), role, dotv, task, and r =- 1 .f I~isse el, ensits, rlecI,7ted d itfc,--sa

em i l t ort ir-chin Lateikiwo . Ito thi11s -node!u , aI liiiting :leve!ls (e . ., , GIG ntis ::),) r s.< t:
- i e~ 1oil b iy It-a ro.11e-ia r-iN- b y Its di-rl is nun-l supervision) a:id s-nt-i out-nt i-

it ;0s, IIt vi Virts r isks , anlid a tI- k bIy I ts C i-,in Id ides i I rbo r iie v irat mt i o im qnJ

',n 1lso) be dotmed! Is a mlit close oi, rtIrs tlilt arc nut charsi ter- Ic
of 4 wit -wi It rec ted~ towar I t he a--ornpl I t-- (I ri- ile two antl vits ra t in, W i ,-,:

-it' ~~to fictir ors'it-- i lmn,'oi--. f t)- LkIo
A -l'i-i.-- a rv of i t isis -icr' itnin, to an! tdi'- re-clt n, c r rLatiw il

ft r o 1-- C 0to ifr ic, r I Ci)) iat~r Siters w~is 1 -5?. 1;t- hei -is 'A-
41 ill t :,i r,-mft, wja, wriLt te-n. i-l te 11t ((in ; AL-sns! insI te at e .-i t ,- ev,1 1

I ,iItw' I - tisbn1 -1 is log slib lc t-imt t -, irl
t 

envlIiroim-' i-re ilt ci;i-- idtre; e Te

-- ' to tan k de,: rpt tons Iiii o ion nLiiwsr * - -
c-cbi-wt Two, C1VO1piil S'L..,wee it(i in.-rH, '------1--

I , l I t-iiiL~ a! in%,.ltiti,, ti :n- iskre CIi on!r- e ', rem, 1r l

r - , c ii red ir )portlo ort S~lo -iil of Err - ,".L 'a 1 1

of, iLtti ri) o r di- I ip)o rtin'- (r irI-a L it) vii- T ill at i"Is lend r ',
'I s ms anirl sp- l3 hep"'.-- 4 s~ - i t1b nil i- ,;I

iiIl!tie tis> analyV tic liii't Stiilimie. tir H-I- - .. Ij t T1 I' V

d Lit Inm I! t1fiirrsarito i:2teitg t a-4.- i-, it-

iii 1 ll 11 -S ac-I''111 llw - I -I .... -

i tV , I I - ,i itll ii

r i i -i' -Iat r il- i a .

a1 - i n~ 7- .

Ci a ii t i-

C - i shi i r



anti pe rfo rti iu, c Ie t 'I a ' l.e Iit e I IL V Iti 1 '. mi:.' TIr I,-i ' I 'v I 1 a'1 in'r .4A

AiOl ')') i'i ti~ ayt Coeiitti t o bo,,'th- ii I', "It' WrIc tod ttrriii a'..r I It i e i ', -
C,'irwotrk .li i-e tnpt iv is:i,i i-- i Io. rv t ,a~, i, ii~ trim u!: p, i'--

-nMrt I rn il -it i- re work 1) 11 II I . Ii i~i,'z'; tI ii a I t rI I a es I ' .t W. tl , vI Ii i' I - I ; I',

i-I , !- ;,'tIhen ie,l1 te I, .ti ii ar'' ieii V ot pin c MeI I , aII r)in1lp, iertii,' Iii,- ,t-:
's'.-r /i ,risv ,'i ,rli : hiivli' Ii I I i oiit- ',, iii it a ir i',ns wete t i t-I.r i r's' ! i 1; ,.-

sI n a' t o ls t t P1 Info ilite i on, 11 -1!TtIn * Hit. di rIm f tir il in Itt-rir rIac , r . tes t i,wtc e s ii. -

CI ,' , ic't 'Is Iliii e t) 34lu p wi Inoereto ande~n '1 prt , repi : tv el' !, i e

cli~rac er , ,d IlV i~e n,, illpli ; "'. II 1 11 vareian was rong ~k he ig ieplt id . (Ivti r tst '..!',-r
!,, I t : I t IN t. tVr AtiIre or l IK!!i i ii "itN rI, a appst red o t it meue the -ain .i j .

I,;-i os v I iI tht Is i des rl- iso rc I r- BI. dta I ng nMing) vr ty , infD lier !t its a~'i ii'r
psi' ' t0 sv ""Or I 1it Ianl isrel iti iv li t I i is winoth 81 prent cof il vntia t.,c bel ii'.xi ii

Ill, i, oi - e 1t heI o rnceiren fir s e rl aIh- f ac tiire orm ut inir, acd.it en, t~ MatnIt.
're ii t 1,1 nciis t~ iA'' 1 3t I't fte Apitcint aere of1iperniet, e t iiort izb)I-

l~iit fneijail .ii te 3r re ittooim,'' aice a' arossct dash TI ngexha 7t. 71 . 3 Ante 5''c, ceit

5T&e5-tpr)nilc f thTrs:iu~ os ai epained a p a st igl stir so i; fi t.
,iothtntio fthe at Vltit 1l " r- 1 esnt I'- un-pitay scannrnl)ofvthe tiests apparedni to nesre

asoc tetwtc;,tt'i t oilh-n4,r tun,-- Ion, ta to.-i perss it et1 arettri f t of( til r ,1 c t n in- to bh I!I vxpIIie
'oi r te oirn-ieut) t or til eii,) - hutItetv d job rat i t tile 1 dand. The~i reobs.n, Tet soripro-i

! r , . I t di!v i,Ikd e liti Is SillO of ti., Apis~tests: will oben eamie d ith argeir 1 r 1 ahI sp;t

-onsr itt, iln, inI. ti rilaie iit -I ct11 ) acros sd a s imilv har hd to 7, 3 adn tV r-f ot
A- tt17-1' ncA t l)ot prslule itiit, is xii tr'i wi ,rk tesets that o'm teasr genr a r ane huma -av ro b tes a-.

fio n it erormnot iod fthe lie-i iaic at ex' wp a cb na e use fuili;J.n ft oh c oiriien vt tdat . on
tlium ini tI i otttf tte ;Ae a stat , i )i i'i r ,1r , ' eni t s s .lar vLr t e or- -

neSc-A,can e 'et h ttrugli' the1 islo 't' t ' '9aS t iMI )C~ I e~itnS trbtsO h s Icsatt
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